Introduction {#sec1-1}
============

Herbal drugs have been used since ancient times as medicines for the treatment of a range of diseases. Medicinal plants have played a key role in world health.\[[@ref1]\] At present, India contributes \<1% to the global herbal market. However, it is fast emerging as a key supplier of medicinal plant formulations across the globe.\[[@ref2]\]

The most important challenge faced by herbal formulations arises from lack of complete evaluation of its constituents, due to their complex nature. During production, from cultivation of the plant to the finished product, a lot of changes take place in the chemical structure. Due to the complex composition of herbal preparations, an analysis is mostly done by running high performance liquid chromatography (HPLC), gas chromatography (GC), thin layer chromatography (TLC), or by quantitative determinations using ultraviolet-visible spectroscopy or combinations of these. HPLC and GC methods have the benefit that a specific fingerprint chromatogram for identification and purity testing, as well as the detection of single compounds for assay is possible during one analysis. These specific methods are now-a-days generally expected by the authorities. However especially in the case of a combined product with two, three or even more active ingredients, a specific determination and quantification of each drug preparation is often impossible.\[[@ref3]\]

Evaluation of these constituents is necessary to ensure quality, purity and stability of the herbal product. Stability study provides evidence on how quality of a drug substance or product varies with time under influence of variety of environmental factors such as, temperature, humidity, light, and storage conditions. So, stability study is important in the evaluation of quality of the product. Stability testing should be conducted on the dosage form packed in the container closure system proposed for marketing. With the help of modern analytical techniques, such as spectrophotometry, HPLC, high performance TLC (HPTLC) and by employing proper guidelines it is possible to generate a sound stability data of herbal products and predict their shelf life, which will help in improving global acceptability of herbal products.\[[@ref4]\]

There are no specific guidelines available for stability/shelf life estimation of the pure Ayurvedic formulations from any Government organization except a gazette notification issued by Government of India on October 20, 2009 with slight modification in the earlier draft notification issued on November 26, 2005.\[[@ref5][@ref6]\]

HPTLC has wide application as an analytical tool due to its simplicity, minimum sample-cleanup requirement, and ability to analyze a number of samples simultaneously. In the present investigation, real-time stability study was conducted for *Hutabhugadi Churna* (HC) a herbo-mineral formulation used in the treatment of *Agnimandya* (digestive impairment), *Pandu* (anemia), *Sopha* (oedema) and *Arsa* (piles) in Ayurveda.\[[@ref7]\] The HPTLC method is meaningful as a small variation in the chemical composition would alter the fingerprint profile giving a diagnosis of decomposition.

Materials and Methods {#sec1-2}
=====================

Formulation and packing {#sec2-1}
-----------------------

HC was prepared with ingredients as per Ayurvedic Formulary of India (AFI) \[[Table 1](#T1){ref-type="table"}\].\[[@ref7]\] All the ingredients except *Saindhava Lavana* were washed thoroughly to have no microbial load.\[[@ref8]\] The washed and dried raw drugs were finely powdered. *Saindhava Lavana* was roasted in a stainless steel pan on low flame until free from moisture and then powdered. The individual raw drug powders were passed separately through sieve number 44 followed by 85. Each ingredient was weighed separately and mixed together in the proportion specified and passed through sieve number 44 to obtain a homogenous blend.\[[@ref9]\] The formulation was compliant to quality standards reported earlier.\[[@ref10]\]

###### 

Formulation composition
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Packing and storage {#sec2-2}
-------------------

The formulation was packed in an air-tight plastic container with sealing of aluminum foil. Six bottles containing 50 g each of the formulation were kept for real time stability study at an interval of 0, 3 and 6 months. The studies were carried out at temperature: 25°C ± 2 and relative humidity: 60% ±5.

Chemicals and reagents {#sec2-3}
----------------------

All chemicals used in the experiment were of analytical grade and of Merck.

Extract preparation {#sec2-4}
-------------------

HC (5 g) was successively extracted with 150 ml of chloroform and ethanol using Soxhlet apparatus. The filtrate was concentrated to dryness and dried residue was dissolved in 5 ml of respective solvents (chloroform and ethanol) in a 10 ml volumetric flask, and made up to 10 ml with same solvent. Four microliters from the above solution was used as application volume for both the extracts.

Chromatographic study {#sec2-5}
---------------------

HPTLC of both chloroform and ethanolic extract of HC was carried out using optimized mobile phase during initial days of preparation, 3^rd^ and 6^th^ months.

Mobile phase {#sec2-6}
------------

Different solvent systems were tried for the chromatographic separation of both chloroform and ethanolic extracts. The following solvent systems gave optimum separation and hence used for the HPTLC study: toluene:ethyl acetate:formic acid (10:5:1, v/v) for chloroform extract and Ethyl acetate: formic acid (10:1, v/v) for ethanolic extract.

Development of chromatograms {#sec2-7}
----------------------------

Chloroform and ethanolic extract of HC were applied separately on aluminum plates pre-coated with silica gel 60 F~254~ of 0.2 mm thickness (Merck, Germany) using LINOMAT 5 applicator (CAMAG). The plates were developed in CAMAG twin trough chamber previously saturated with mobile phase. After photodocumentation using CAMAG visualizing chamber and densitometric scan using CAMAG Scanner 4 at wavelengths of 254 nm, 366 nm and 540 nm the plates were derivatized by spraying vanillin-sulfuric acid followed by heating at 105°C until the bands appeared.\[[@ref11][@ref12][@ref13]\] The R~f~ values and densitometric data were documented using winCATS Planar Chromatography Manager version 1.4.6 (CAMAG Muttenz, Switzerland).

Application of three extracts of HC (initial, 3^rd^ and 6^th^) could not be performed on same TLC plate as extract of HC initial will not be same as fresh extract HC 3^rd^ month (as the environmental conditions of HC will be totally different from extract of HC). TLC plates, photo-documented at three durations separately were combined after completion of 6^th^ month\'s study using Adobe Photoshop^®^ for side by side comparison of finger prints to observe the difference, if any.

Real time stability assay {#sec2-8}
-------------------------

The change in HPTLC profile was observed for 6 months at an interval of 0 (initial), 3 and 6 months. Number of months when 10% degradation occurred was calculated using formula = (\[0 Month Assay value -- \[\[0 Month Assay value × 10\]/100\]\] − Intercept)/Slope.\[[@ref14]\]

Results {#sec1-3}
=======

Marked variations in TLC plate were observed in both chloroform and ethanol extracts of HC \[[Figure 1](#F1){ref-type="fig"}\]. Chloroform extract of HC showed 11 bands in initial month, 7 bands in 3^rd^ and 6 bands in 6^th^ month at 254 nm; at 366 nm it has shown 9, 8 and 4 bands in initial, 3^rd^ and 6^th^ months, respectively; under 540 nm before derivatization it has shown 3 and 2 bands at initial and 3^rd^ months, whereas no bands are observed in 6^th^ month; at 540 nm after derivatization it has shown 11, 9 and 8 bands in initial, 3^rd^ and 6^th^ months \[[Table 2](#T2){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\]. Ethanolic extract of HC at 254 nm showed 9, 7 and 6 bands during initial, 3^rd^ and 6^th^ months, respectively; at 366 nm there were 9, 7 and 3 bands during initial, 3^rd^ and 6^th^ months, respectively; at 540 nm there were 8, 6 and 4 bands in initial, 3^rd^ and 6^th^ months, respectively and at 620 it has shown 7, 9 and 11 bands in initial, 3^rd^ and 6^th^ months, respectively \[[Table 3](#T3){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}\]. There was a gradual decrease in the number of bands in 3^rd^ and 6^th^ months when compared to initial. In ethanolic extract, at 540 nm after derivatization, there was increase in number of bands in older samples than recorded initially. Numbers of bands obtained at different intervals at different wavelengths of chloroform and ethanol extract were subjected to regression analysis. The curve was found to be linear with R^2^ value of 0.89-0.96 supported by their tolerance range of 0.04-0.11. The method of calculation of average of 10% degradation period employing slope and intercept values for the initial, 3^rd^ and 6^th^ months' deviation in number of bands at different wavelengths of light was employed. For chloroform extract 10% deviation in the number spots was observed during 0.72--1.87 months (standard deviation \[SD\] =0.5605) at different wavelengths. But of ethanol extract it was in the range of 1.05-1.47 months with SD of 0.1746 only. When average of 10% deviation was considered for both extracts fingerprinted at different wavelengths HC was found to be stable at room temperature up to 1.2675 months (SD = 0.385922) \[[Table 4](#T4){ref-type="table"} and [Graph 1](#F4){ref-type="fig"}\].

![Photodocumentation of extracts of *Hutabhugadi churna* at different intervals](AYU-36-303-g002){#F1}
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Densitometric scan of chloroform extract of *Hutabhugadi Churna*
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Densitometric scan of ethanolic extract of *Hutabhugadi Churna*
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Stability of *Hutabhugadi churna* at different intervals and time for 10% degradation
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![Regression diagnostics of deviation in number of bands. (a) Chloroform extract; R^2^: Regression; T: Tolerance. (b) Ethanolic extract; R^2^: Regression; T: Tolerance](AYU-36-303-g008){#F4}

Discussion {#sec1-4}
==========

In chloroform extract, at 254 nm the spot at R~f~ 0.62 seen during 3 months with 39.40% area was not there initially and after 6 months. At 366 nm spot at R~f~ 0.85 showed 1.68% initially, after 3 months the area raised to 30.68%, but 6 months it was not seen instead it revealed a spot at R~f~ 0.87 with area of 88.40%. In ethanol extract, at 254 nm the spot at R~f~ 0.45 was observed in initial sample with area of 9.76%, but it was absent during 3 months, during 6 months the spot reappeared as a major spot having area of 51.70%. All these changes may be attributed to chemical interaction taking place in between the chemical components present in the polyherbal medicines resulting in degradation of composition which was there when the medicine was prepared afresh. The HPTLC study of the samples was carried out separately as and when the batch reached the specified maturity. The samples were fingerprinted by HPTLC more than once during the particular analysis period (initial, 3 and 6 months) in the experimental conditions of the laboratory to find out the consistency of the results. The fingerprint of HC did not vary significantly in the laboratory conditions. As HPTLC fingerprint significantly sensitive to uncontrollable laboratory conditions like relative humidity, temperature etc., there may be slightest variation. All other conditions followed in the fingerprinting were controlled including the person who handled it.

Stability testing is necessary to ensure that the product is of satisfactory quality throughout its storage period. The expiry dates are explained in detail in ancient Ayurvedic text books. Taking that into consideration, the Government of India has established the shelf life period of the Ayurvedic medicines. According to that, shelf life of *Churna* is 2 years (once the container is opened, it should be consumed within 2-4 months).\[[@ref15]\] Similar study employing variation in pharmacopoeial constants during the course of 6 months' evaluation revealed real time shelf life of HC to be 11.41 months by evaluation of many pharmacopoeial constants such as loss on drying at 105°, total ash, acid insoluble ash, water soluble ash, alcohol soluble extractive and water soluble extractive.\[[@ref16]\]

The trend line showed down trend hence this work can be considered as prospective to become model for stability study. Trend line of bands of ethanolic extract, after derivatization with vanillin sulfuric acid, showed reverse trend between samples hence that counter acts the basic hypothesis that decrease in band reflects degradation of sample; increase in number of bands can also be considered as degradation by modulation in basic molecular content. The HPTLC method proposed in this study, being direct tracking of variation in phytochemical fingerprint by TLC pattern, is more sensitive to detect deterioration in the quality of polyherbal formulations.

Conclusion {#sec1-5}
==========

From the current study, it is observed that as the time departs, the numbers of bands are reduced or increased from the initial value. The methodology can be employed as an effective analytical tool for stability check of traditional polyherbal medicines without employing any marker compound. These preliminary findings have some impact on the stability of the composition of the polyherbal formulations of Ayurveda. Advancement in this line may render HPTLC as a useful technology in shelf life assessment. The proposed model is a new logic with prospective to become working method for stability assessment of polyherbal formulations under controlled conditions, however validation following measures as repeatability, accuracy, precision, specificity, selectivity, etc., are essential before declaring it as the model for the purpose. Moreover, the findings are just based on real time observations, accelerated stability studies would also be necessary to draw a final conclusion.
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